Introduction
The connection between human health and well-being, and access to sufficient drinking water, has long been recognized. Indeed, water is one of four elemental features that unify life (water, air, earth and fire) and for humans water is meaningful for everything from physiology to spirituality. Public health and epidemiology were founded on the concept of waterborne diseases, and the nature of human exposure to bacteria in polluted waters has driven the mandate for sanitation and hygiene, still important throughout the world today. Perhaps in the often frenetic attempts to maintain or to attain sanitation and hygiene the role of ecosystems in mediating the relationship between water and human health has been pushed into the background.
The relationships demand a global response; one to address widespread localised inequities and health issues as expressed by attempts to achieve the Millennium Development Goals (MDGs), and one to confront and respond to risks of global change, from climate change to depleting resources like fisheries and forests, declines in biodiversity, increasingly degraded wetland ecosystems and growing sources of pollution. While the project of modernity would ordinarily seek to rest such risks on the shoulders of nation states, there is an assumption that appropriate responses can only be dealt with across the globe, in forums where, for instance, the governments of nation states commit to collective action.
MEAs -including international conventions -are amongst those forums where governments can address issues related to the global common in a concerted action. In this context, MEAs are appropriate venues to address the interface between the environment and health, at the transboundary level and within the framework of global environmental change. This paper seeks to describe and interpret the way a selected sample of MEAs have constructed the relationship between water, health and global environmental change.
We have chosen five international Conventions: the Ramsar Convention on Wetlands (Ramsar, Iran, 1971) ; the Convention on the International Trade of Endangered Species (CITES, 1973) ; the Convention on Migratory Species (CMS, 1979) ; the Convention on Biological Diversity (CBD, 1992) ; and the United Nations Convention to Combat Desertification (UNCCD, 1994).
The selection allows for comparing Rio (CBD and UNCCD) and non-Rio (CITES, CMS, Ramsar) conventions, as well as species-focused (CITES and CMS) and ecosystem/thematic-focused (CBD, Ramsar, and UNCCD) agreements. It is preliminary in the sense that it may be used as the basis for a more comprehensive review and analysis across a broader set of international Conventions including prominent and relevant ones such as the United Nations Framework Convention on Climate Change (UNFCCC) and the Chemicals and Waste Management Conventions (e.g. The Stockholm Convention on Persistent Organic Pollutants).
For each of the five above-mentioned Conventions, we aimed to examine the way the relationship between water, health and global environmental change is expressed in the wording of the Convention and how it has evolved in its most significant instruments.
This was undertaken through a review of adopted documents (e.g., Decision, Resolutions) and related materials (e.g., reports, publications). Keyword searches in review materials for 'water', 'health' and 'disease' helped pinpoint key expressions of the relationship. Relevant significant activities or programmes are also highlighted for each Convention.
The Convention on the Conservation of Migratory Species of Wild Animals (CMS, 1979)
The CMS (also known as the Bonn Convention), a biodiversity-related Convention signed in 1979, aims to conserve terrestrial, aquatic and avian migratory species throughout their range by promoting international cooperation among the Range States of many of these species. It acts as a framework Convention to speciesfocused agreements (e.g., Agreement on the Conservation of African Eurasian Migratory Waterbirds [AEWA]). However, this review focuses primarily on the framework Convention.
The text of the Convention does not refer explicitly to human health (nor to human well-being nor wildlife diseases/health). Furthermore no explicit reference was made to health/diseases in the first decade of the implementation of the Convention.
References to diseases and climate change are found in the text of Resolution 6.3, adopted in 1999, ("Aware that albatrosses also face continuing threats from human disturbance, pollution, introduced predators, disease and the effects of climate change;"), but no link is made to human health nor to the water/health nexus. In the text of Resolution 7.3 addressing oil pollution and migratory species, no reference is explicitly made to "health" and not even to "diseases"; here the linkages between water/health and global change "could have been expected"; but it only refers to, for example, "hazards" and "negative impacts".
It is only in the 2000s that the relationship becomes more explicit; in 2004, while it was not an official document of the Convention, the CMS's 25 th Anniversary Booklet's cover states, inter alia: "In many cases migratory animals are essential to the health of ecosystems and to human well-being."; further reference to linkages between human and animal health are found throughout the booklet.
A more formal shift in the Convention towards focusing on health, and the linkages between water, health and global environment change, can be associated with concerns about the role of migratory birds as potential vectors of Highly Pathogenic This shift is further reflected in the CMS Strategic Plan 2006-2011 referring to "global change processes" (including climate change; Section 2.3.8-9) that are increasing threats to migratory species, and referring to ecosystem health and the well-being of human populations that depend on migratory animals for their livelihood (Section 2.4.12); as well as in Resolution 9.8 (adopted in 2008, and also calling for the establishment of a Scientific Task Force -co-convened by CMS and FAO of the UNon Wildlife Diseases) as can be seen in its preamble. The relationship between water and health and global environmental change is best exemplified by the recognition given to the role of wetland ecosystems in the 'natural' epidemiology of avian influenza, in Appendix 1 of the same resolution.
The above-mentioned Scientific Task Force on Wildlife Disease has as its main aim the identification of diseases that impact domestic and migratory wildlife and are of concern to food security, sustainable livelihoods and conservation. It is expected to be fully operational by the end of 2011.
The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES, 1973)
CITES, a biodiversity-related Convention signed in 1973, seeks to ensure that international trade in specimens of wild animals and plants does not threaten their survival. International wildlife trade is diverse, ranging from live animals and plants to a vast array of wildlife products derived from them. Many wildlife species in trade are endangered, others are not; the existence of an agreement to ensure the sustainability of the trade is important in order to safeguard these resources for the future.
The relationship between water, health, and global environmental change does not appear in the text of the Convention as such. Instead it might be regarded as implied, since water, health and global environmental change can each be seen. The concept of 'health' is used in Article IV in the sense of "to minimize the risk of injury, damage to health or cruel treatment". This manifests as a regard for the health care of individuals, or the effects of disease on individuals and species as a whole. 'Global environmental change' is recognized, for example, as a series of extrinsic factors that need to be considered for amendments to Appendices of the Convention (Conf. 9.24 (Rev. CoP15)).
Human health is indirectly implicated in two ways. The trade and transportation of animals can generate risks from disease exchange between wild species and humans. An example is where unregulated trade in and consumption of "bushmeat" may bring risks to human health by increasing the proximity of humans and wild animals, influencing disease spread (CITES CoP15 Inf. 19).
The second way is that traditional medicines derived from species are important for improving human health outcomes, acknowledging the importance of traditional medicines to the world's medicinal security, that millions of people depend on these medicines for primary health care, and that the problems of over-exploitation of certain wild species need to be addressed (Conf. 10.19 (Rev. CoP14)). The latter implication is also evidenced by the exemptions to the Convention under circumstances of the imperative for public health; trade is allowable to develop products to promote public health, and where the "sale is incidental to public health" (and "public health research") and "not for the primary purpose of economic benefit." (Conf 5.10 (Rev. CoP15)).
The relationship between human health and global environmental change for the Convention therefore hinges on the connections made firstly between the trade of plants or animals and the destruction of their habitat in the wild, and secondly on the way human health might be implicated either through disease transmission or loss of traditional or commercially-derived medicinal or pharmaceutical products for health care.
Regarding water, most instances of the Convention where reference is made to water related to the habitat of the wild species, and the requirement for water in captivity or transportation of the species. Where the species of concern for CITES have a particular requirement for water (as aquatic habitat), hydrological alterations due to global environmental change is relevant. It is feasible that hydrological change, habitat alteration and disease transmission or loss of a medicinal product might be relevant for human health where the trade of species is implicated, and where the Convention might be invoked.
Ramsar Convention on Wetlands (Ramsar, 1971)
The Ramsar Convention, a biodiversity-related Convention agreed and signed in Iran in 1971, encompasses the scope of wetlands and water, and ecosystems and people. In its original text, recognition of "the interdependence of man and his environment" was apparent, even though the initial focus of wetland conservation in the early 1970s was on conserving habitat for waterfowl and other charismatic wildlife, and designating Ramsar sites. Its three pillars of implementation are the "wise use" of all wetlands, the designation and management of Wetlands of International Importance (Ramsar sites) to maintain their ecological character, and international cooperation.
In its 40 years, the Convention has increasingly focussed on the intrinsic links between wetland ecosystems and wetland dependent people; indeed it has been something of a progression towards the adoption of a coherent articulation of the relationship between water, health and global environmental change. The text recognises that "wetlands constitute a resource of great economic, cultural, scientific, and recreational value, the loss of which would be irreparable"; and "the fundamental ecological functions of wetlands as regulators of water regimes".
The Ramsar Convention focus of wetland management has been to ensure "wise use", defined as "the maintenance of ecological character, achieved through the implementation of ecosystem approaches, within the context of sustainable development" (Ramsar Convention Secretariat 2005). The Convention further defines ecological character as the "combination of the ecosystem components, processes and benefits/services that characterise the wetland at a given point in time". Change in ecological character is the human-induced adverse alteration of any ecosystem component, process, and/or ecosystem benefit/service. It was important for the Convention to argue that these influences can either enhance or diminish human health depending on the ecological functioning of wetlands, and their ability to provide ecosystem services. It follows then that losses of wetland components, and disruptions to wetland functions and ecosystem services will have consequences for human health along any or all of these lines. Furthermore, adverse health outcomes are likely to be distributed in an unequal way, along socio-economic lines, and management interventions for wetlands must also seek to address these inequities (Horwitz et al. 2011).
The Convention on Biological Diversity (CBD, 1992) The CBD, one of three Rio Conventions and a biodiversity-related Convention, was opened for signature in 1992. It has three main objectives: 1) the conservation of biological diversity 2) the sustainable use of its components, and 3) the fair and equitable sharing of the benefits arising out of the utilization of genetic resources.
The text of the Convention recognizes that conservation and sustainable use of biological diversity, including the control of living modified organisms, is of critical importance for meeting the food, health and other needs of the growing world population, as stated in the Preamble of the text.
The Conference of the Parties (COP), which is the Convention's governing body, has adopted seven thematic programmes of work over the last 15 years that provide guidance on implementation of the Convention in the major biomes on the planet and established cross-cutting issues that provide links between thematic programmes (see Table 1 ). Water is an element in many of the thematic programmes of work and it is interesting to note that CBD COP delegated at its third meeting lead implementation partner status to the Ramsar Convention for inland water biodiversity. Health is not identified as a specific cross-cutting issue. Aspects of the complex relationships between water, health and biodiversity are becoming integrated within these programmes of work and cross-cutting issues (Table 1) .
More recently, the 10 th Conference of the Parties (COP 10) meeting adopted a revised and updated Strategic Plan for Biodiversity 2011 -2020 and 20 Aichi Biodiversity Targets (2020 Targets). The Plan's vision clearly acknowledges that biodiversity underpins ecosystem functioning and human well-being. The vision states that "By 2050, biodiversity is valued, conserved, restored and wisely used, maintaining ecosystem services, sustaining a healthy planet and delivering benefits essential for all people". Of the 2020 Targets, at least six have relevance to human health (Targets 1, 2, 11, 14, 17, 19), with Target 14 specifically addressing health, water and global environmental change: "By 2020, ecosystems that provide essential services, including services related to water, and contribute to health, livelihoods and well-being, are restored and safeguarded, taking into account the needs of women, indigenous and local communities, and the poor and vulnerable". These targets give impetus to the development of matching indicators for use in reporting at the national level.
This increasing importance of considering an interdisciplinary, collaborative approach to health was recognized at COP 10 in specific decisions. The Parties adopted a total of 16 decisions that make reference to human health/well-being in In adopting the Biodiversity Strategic Plan, Parties noted that water can be regarded as a primary global natural resource challenge and a key link between the various MDGs and biodiversity. This highlights the relevance of water and ecosystem services provided by biodiversity to sustainable human development including human health, poverty reduction, gender equity and climate change mitigation and adaptation.
United Nations Convention to Combat Desertification (UNCCD, 1994)
The objective of the United Nations Convention to Combat Desertification (UNCCD), a Rio Convention opened for signature in 1994, is to combat desertification and mitigate the effects of drought in countries experiencing serious drought and/or desertification, particularly in Africa. It operates within a framework of 'an integrated approach, with a view to contributing to the achievement of sustainable development in affected areas' (UNCCD 1992). The convention thus encourages multi-disciplinary approaches to desertification and drought through long-term integrated strategies that focus on improved productivity of land, and the rehabilitation, conservation and sustainable management of land and water resources, leading to improved living conditions, in particular at the community level (UNCCD 1994).
The text of the Convention notes that desertification/land degradation and drought (DLDD) "is caused by complex interactions among physical, biological, political, social, cultural and economic factors", and is interrelated with "social problems such as poverty, poor health and nutrition, lack of food insecurity" and other factors (UNCCD 1994). The Convention explicitly recognizes that it can contribute to, and should interact with, the two other Rio Conventions and other international agreements and should develop joint programmes, particularly in the fields of research, training, systematic observation and information collection and exchange (Article 8 UNCCD). Unfortunately while joint work programmes and MOUs between UNCCD and other MEAs are available (Chasek et al, 2011) there are few examples of such interactive programmes.
Parties to the convention plan and implement national, sub-regional and regional action programmes that utilize and build on existing relevant plans and programmes such as Poverty Reduction Strategies (Article 9 UNCCD). These plans should address the specific needs of local populations and lead to the identification and implementation of solutions that improve the living standards of people in affected areas including the availability of water resources (Article 17 UNCCD).
While the Convention's articles have just one reference to 'poor health' the focus on water availability is associated with water scarcity in dry areas and hence limited levels of sanitation and large amounts of time and energy in seeking and transporting water for domestic and animal use. For example many of the 2.6 billion people who lack access to improved sanitation live in dry areas and 70% live in rural areas (WHO/UNICEF 2010). If achieved, access to clean water can reduce water borne disease by at least 25%, while improved sanitation can result in a 30% reduction in child mortality (Schuster-Wallace et al. 2008). Conversely, a season of particularly high rainfall (in areas of DLDD) may contaminate water sources as well as the population dynamics of host, vector or reservoir species, increasing the risk of vector-and water-borne diseases.
Finally, the UNCCD cites the need for "development of sustainable irrigation programmes for both crops and livestock" (UNCCD, 1994). Dams and irrigation systems, in the effort to increase food production and provision of water to cultivated areas and rangelands, have also led to the emergence and spread of some infectious diseases by providing ecological niches for vector and reservoir species and altering microclimates.
Discussion
We recognize that our analysis is limited in focus by choosing only five MEAs and preliminary by nature; a complete analysis would treat the texts of other global MEAs Nevertheless, the patterns by which these five MEAs have engaged with the relationship are instructive, and would be, we hypothesize, reflected in more comprehensive treatment of the MEAs and other international instruments and fora.
We recognize a distinction between an emphasis on water and reservoirs of water (for drinking water supplies, sanitation and hygiene), and a focus on the places of water, where wetland ecosystems provide a service (like 'green infrastructure') for the provision of water and livelihoods. While the first approach is the one addressed by the pan-European Protocol on Water and Health, the latter was particularly evident in the Ramsar Convention's trajectory, one that contributed to the influential work of the Millennium Ecosystem Assessment (Ecosystems and Human Well-being), and in the CBD and CMS approaches. The Ramsar Convention in this and subsequent work has arguably reconnected the health sector, the water sector and issues of global environmental change from the perspectives of wetland ecosystem services.
We highlight that the trends in explicitly addressing "health" within these environmental agreements can be considered a reflection of global actions/declarations on environment and development; for instance, more explicit reference to "health" in the Rio Conventions (in the CBD especially) may be related to the fact that Principle 1 of the Rio Declaration on Environment and Development (UNCED) states "Human Beings are at the centre of concerns of sustainable development. They are entitled to a healthy and productive life in harmony with nature".
Furthermore we recognize historical trends in approaching the water/health and global changes linkages within the Ramsar, CMS, CBD and to a certain extent CITES, with a period of more increased attention in the first decade of the 2000s. This period of activity can probably be linked to other international exercises such as the WEHAB (Water, Energy, Health, Agriculture and Biodiversity) and the Millennium Ecosystem Assessment as well as the Millennium Declaration and However, the main trigger for MEAs to address water/health and global change issues can be identified in reaction to emerging infectious diseases and global pandemics (but not environmental disasters such as oil spills) threatening both human and animal health; this can be particularly seen in the CMS and perhaps to a lesser extent CITES. Indeed, the absence of explicit linkages between water and health (related to wetlands-water-birds) in the early years of the CMS may be related to the focus of the Ramsar Convention on Wetlands in the 1970s/1980s (and other international programmes, such as the Man and the Biosphere (MAB) Programme, addressing human-nature through a more integrated and holistic approach). Again, Ramsar's significance was acknowledged by the CBD's delegated partnership role. The CBD's articulation of the strategic link of water in the achievement of the MDGs and biodiversity conservation is a beacon for the relationship.
Overlapping agendas among MEAs, particularly for human health and well-being have made the imperative of collaborative efforts between them clearer; examples of this collaboration include the Millennium Ecosystem Assessment project, cooperation across the Biodiversity-related conventions on scientific, technical and technological matters associated with cross-cutting themes such as water and wetlands, and global environmental change, and the response to highly pathogenic avian influenza. Indeed these collaborative efforts are highlighting a global agenda that integrates an ecosystem approach with the health of animals and the health of humans.
Many of the possible response options for addressing ecosystem change and human well-being lie primarily outside the direct control of the environment sector writ large, or even the health sector. Instead they are embedded in areas such as sanitation and water supply, education, agriculture, trade, tourism, transport, development, and housing. Inter-sectoral and cross-sectoral integrated options are therefore needed to reduce the potential health impacts of ecosystem change. In this regard, it is important to identify the principal cross-sectoral partners and responsible stakeholder groups required to achieve appropriate outcomes. International initiatives on health and environment (e.g., the Canadian 
